SUMMARY: Taking into account effects of hyperfine structure, we calculated the synthetic solar spectrum for wavelength intervals around nine neutral manganese lines. To estimate values of hyperfine components we used the Oxford total absorption oscillator strength measurements . We compared observed profiles (Photometric Atlas of the Solar Spectrum from 3000 to 10000Å (Delbouille et al, 1973) ) of selected manganese lines with synthesized profiles in two cases: when hyperfine structure is not and when it is taken into account. By comparing the calculated with observed spectrum, we corrected the total oscillator strengths of all nine selected manganese lines.
INTRODUCTION
One of the fundamental methods used to obtain information about the physical and chemical properties of celestial bodies is spectroscopy. However, the observed spectrum itself is not sufficient. It has to be compared with the theoretically obtained spectrum, and their similarities and/or differences are the basis for conclusions about the nature of the studied object. To be able to calculate correctly the theoretical spectrum, it is necessary to adopt the model and to select the basic parameters of the object study, but also to know the values of atomic parameters of relevant elements. One of possible causes for the significant deviation of the observed from the synthetized lines in the spectrum may be due to neglecting of the hyperfine structure effects in the calculation of line profiles of some elements.
Hyperfine structure (hfs) of spectral lines is a consequence of splitting of the fine structure of energy levels, caused by the interaction of nuclear spin magnetic or charge moments and the unfilled electron shells, or caused by atomic isotopes. The typical order of magnitude of hyperfine structure energy differences is 0.02 cm −1 which corresponds to the difference of wavelengths of components 0.5 pm at 500 nm. Due to thermal and pressure broadening of spectral lines we usually do not see specific components (for example, typical width of thermally broadened spectral lines in the solar photospheric spectrum is several pm), but only the integral line resulting from their superposition (convolution of component profiles). This line has a significantly different profile shape than the lines not affected by hyperfine structure. Abt (1952) first pointed out the possibility of strong influence of hyperfine structure on the line shapes in the solar spectrum. He studied hyperfine structure effects on the curve of growth for the elements V, Mn, Co, Cu, Sc and La, and also the systematic changes of measured wavelengths with respect to their laboratory values. In the calcu-lation of spectrum, the hfs effect on the line can be calculated by superposing individually synthetized hfs components. This procedure is possible for the lines with known laboratory or theoretical data about the components' relative intensities and wavelengths. Edmunds (1973) provided a detailed description of a theoretical model for an approximate evaluation of hfs constants for the levels whose splitting was not measured in the laboratory. Booth et al. (1983) carried out precise laboratory measurements of textbfhfs for about fifty lines of neutral manganese in the visible range of the spectrum. Those are the results, which we accept in this paper as starting values for the calculation of profiles of nine selected manganese lines. Manganese has only one stable isotope, thus the hfs of its spectral lines is only due to the interaction of electron angular momentum with the nuclear spin. Obviously, every line has its own characteristics. For example, the measured cyclic variation of equivalent width of the MnI 539.47 nm line of the full solar disc is about 2% (Livingston, 1992) . This line pertains to photospheric lines that are very sensitive to temperature changes, as theoretically proved by Erkapića n d Vince (1995), but its unusually high amplitude of equivalent width variation cannot be explained only by photospheric temperature change. Therefore, this line will give wrong diagnostics of temperature variation without taking into account its hfs and the non-LTE effects due to its optical coupling with the MgII k line (Doyle et al. 2001) . Recently, the Zeeman effect of hyperfine structure of this line has been proposed for diagnostics of the solar photospheric magnetic field (López Ariste et al. 2002) . On the other hand, determining of the effects of magnetic field of various strengths on the MnI 539.47 nm line has shown that the observed relative intensity variation in plage region is not due to the magnetic field change (Vince et al. 2000) , but to the change of other parameters (Vitas et al. 2002) . In addition, the hfs can significantly influence the abundance determination, too. From these examples, it is evident that the precise determination of hyperfine structure of spectral lines is very important. In this paper we compared observed profiles of nine manganese lines with synthesized profiles in two cases: when hfs is not included and when its effect is taken into account, and of improved the total oscillator strength by comparing the observed and calculated line profiles.
THE METHOD
The nine lines studied in this paper are selected according to the following criteria: (1) they do not show significant blending with other lines, (2) they have noticeable hyperfine structure in the observed spectrum and (3) known laboratory data for hfs are at disposition. We calculated the synthetic spectra in the vicinity of the selected lines using the program package SPECTRUM (PC-based Stellar Spectral Synthesis Program) by R. O. Gray. This package works under the LTE assumption. We first calculated profiles of lines without considering hfs. Results obtained in this way (Fig.1 , dashed line) significantly deviate from the observed spectrum taken from the High Resolution Solar Spectrum Atlas and normalized to the local continuum ( Fig.1 , solid line).
Data given in the paper by Booth et al. (1983) mentioned are taken as a starting estimate for the relation of components' relative intensities and their mutual positions. Further synthesis is carried out when the line in the input of SPECTRUM is replaced by a set of corresponding hfs components. The shapes of line profiles obtained in this way are much closer to the observed, but they usually have a different equivalent width and longer wavelength, (Fig 1. dotted line) . A shift in the wavelength of the integral line profile is mainly due to an unsufficiently starting value of the wavelength of the first hfs component. New profiles of these lines, showing a good agreement with the observations, are obtained by correcting the wavelength, varying the total value log(gf) and by repeating the calculation (Fig.1, small  circles) . The value of the microturbulent velocity assumed in all calculations was 1.5 km/s, and for the abundance of manganese in relation to hydrogen in logarithmic scale 6.65. The initial and the corrected values of the total log(gf) and of the first components' wavelength, as well as the number of components of hyperfine structure for each line, are presented in Tab. 1. Table 1 . Selected manganese lines: number of hfs components, multiplet number, wavelength of the first component and total log(gf) before correction (λ' and log(gf)') and after correction (λ and log(gf)).
number of components multiplet number λ' (nm) log(gf)' λ(nm) log(gf) 6 20 500. The procedure described here is based on a subjective estimate of the achieved matching of calculated and observed profiles. Satisfactory result has been obtained by different number of steps, usually by varying λ and log(gf) five to ten times for each studied line. The practice showed that a mutual approach of profiles is reached when total log (gf) is changed by 0.005, that may be considered as a limit of uncertainty in our procedure.
RESULTS AND COMMENTS
a) MnI 500.49 nm (Fig.1. a ) Table 2. Component positions with respect to the most intense, are relative intensities, log(gf) before correction (log(gf)'), and after correction (log(gf)).
∆λ(nm) relative intensity log(gf)' log(gf) 0.00000 100. For the MnI 500.49 nm line, the fitting in the line's core is very good, while in the wings the synthetized profile better fits the observed one on the blue wing, where the influence of neighboring linesin absents, and the local continuum is well defined (Fig.  1. a ). b) MnI 525.53 nm (Fig.1. b ) The blue wing of the MnI 525.53 nm line shows a more significant deviation from the corresponding line in the Atlas, a fact can be partly explained by influence of the adjacent CrI 525.51 line and lower local continuum (Fig. 1. b. ). c) MnI 539.47 nm (Fig.1. c The lines MnI 542.03 nm and MnI 547.06 nm belong to the fourth multiplet of manganese and have the same number of the hfs components, and a similar arrangement of relative intensities among them. With these lines, we notice a very similar deviation of the theoretical model from the observed line. While the red wing of the calculated line shows good fitting, on the blue side of the profile we notice a conspicuous bump, resulting perhaps from the non-precisely determined intensity and/or position of the first and the most intensive hfs component with respect to the others (Fig 1, e and f) . f) MnI 547.06 nm (Fig.1. f The three lines of muliplet 27, MnI 601.35 nm, MnI 601.66 nm and MnI 602.18 nm have been selected for their relatively high intensity and especially for their surroundings with no other strong lines that could significantly affect their profiles. For these lines, the profile with included hfs and corrected wavelength and log(gf) shows the expected good fitt to the observed profile, but it can also be noticed that the synthetized profiles are narrower than the observed in the wings, and deeper in the core. Such behaviour of lines in multiplet 27 is different from other selected lines. h) MnI 601.66 nm (Fig.1. h ) 
CONCLUSION
This paper presents the results of synthesis of nine manganese lines with a conspicuous hyperfine structure. The comparison of calculated and observed line profiles shows that it is necessary, in the calculation of the synthetic spectrum, to take hfs into account, so that model provides good fit of theory and observation. Deviations of the synthetized profile from the Atlas can be classified in two groups. Deviations in the first group are the result of influence of surrounding lines which were not taken into account in the synthesis, or whose parameters have not been precisely determined. These deviations manifest themselves mainly through the fact that observed profiles have broader wings then the theoretical ones. Deviations of the second group are most clearly seen in the cores of the lines. The source of such deviations should be searched for the hfs data, in widening to which some components have been exposed, as well as in the program used for the synthesis. These deviations must be studied with particular care. Similar result was already obtained for the lines of the first manganese multiplet, MnI 539.47 nm and MnI 543.25 nm (Vitas et al. 2002) . The question remains how these lines would behave if deviations from the local thermodynamical equilibrium are taken into account, and how would the inclusion of the hfs affect the determination of formation depths of the manganese lines with significant hfs. Uzimaju i u obzir efekte hiperfine strukture izraqunat je sintetiqki spektar Sunca u intervalima talasnih du ina oko devet linija neutralnog mangana. Za procenu komponenata hiperfine strukture koristili smo Oxford total absorption oscillator strength measurements . U ovom radu izvrxeno je pore eǌe posmatranih profila izabranih linija mangana (Photometric Atlas of the Solar Spectrum from 3000 to 10000Å( D e lb o uille et al, 1973)) sa sintetisanim profilima u dva sluqaja: kada hiperfina struktura nije uraqunata i kada je uzeta u obzir. Pore eǌem izraqunatog i posmatranog spektra izvrxena je korekcija ukupne snage oscilatora za devet izabranih linija mangana.
